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Introduction {#sec001}
============

Firefighters save human lives and provide relief in various emergency situations including natural calamities, industrial accidents, and human-caused disasters. They encounter many precarious, life-or-death situations while on duty and are exposed to wide-ranging serious dangers including heat, chemical hazards, biological hazards, physical strain, and mental stress \[[@pone.0226739.ref001]\]. Firefighting is thus a high-risk job that involves an elevated threat of cardiovascular diseases induced by job-related stress \[[@pone.0226739.ref002], [@pone.0226739.ref003], [@pone.0226739.ref004]\].

Previous studies have found that occupational stress is associated with cardiovascular diseases and mortality risk \[[@pone.0226739.ref005]\]; however, prior literature has also reported a reduced risk in participants with higher fitness levels \[[@pone.0226739.ref006], [@pone.0226739.ref007]\]. These findings highlight the importance of exercises aimed at enhancing physical fitness in preventing cardiovascular diseases induced by occupational stress.

Occupational stress can also cause cardiovascular diseases by accelerating arterial stiffening. Recent studies reported that the pulse wave velocity (PWV), an indicator of arterial stiffness, can serve as a meaningful, independent predictor for cardiovascular mortality \[[@pone.0226739.ref008], [@pone.0226739.ref009], [@pone.0226739.ref010]\]. Another important mechanism behind the link between occupational stress and cardiovascular diseases may involve stress-induced activation of the hypothalamic-pituitary-adrenal (HPA) axis, which reduces autonomic nervous functions \[[@pone.0226739.ref011]\]. Heart rate variability (HRR) has also recently emerged as a predictor of cardiovascular diseases according to the physical stress.

Analysis of HRR evaluates the balance between sympathetic and parasympathetic functions within the autonomic nervous system, and stress-induced impairment of autonomic nervous functions reduces heart rate variability \[[@pone.0226739.ref012]\]. Several studies reported an association between occupational stress and HRR \[[@pone.0226739.ref013], [@pone.0226739.ref014], [@pone.0226739.ref015]\].

Recent studies also noted that higher occupational stress in shift workers is associated with decreased sleep quality \[[@pone.0226739.ref016], [@pone.0226739.ref017], [@pone.0226739.ref018]\]. Firefighters typically participate in a three-shift working schedule, giving rise to sleep disorders that adversely impact the risk of cardiovascular disease \[[@pone.0226739.ref019]\]. In a survey of 37,093 firefighters, Korea's National Emergency Management Agency reported that 36.6% of them require sleep disorder management and 21.9% require treatment \[[@pone.0226739.ref020]\]. Notably, sleep disorders are associated with the onset of cardiovascular diseases \[[@pone.0226739.ref021]\].

These considerations warrant analysis of the correlations between firefighters' occupational stress and the above-mentioned four indicators of cardiovascular diseases---cardiorespiratory fitness, arterial stiffness, HRR, and sleep quality---using appropriate assessment tools to prevent cardiovascular diseases in firefighters. However, a paucity of research has validated the correlation between occupational stress in firefighters with these four factors despite their salience as indicators of cardiovascular diseases. Consequently, we examined the correlations between firefighters' occupational stress and these cardiovascular disease risk factors.

Materials and methods {#sec002}
=====================

Participants {#sec003}
------------

Participants were 705 male firefighters aged 40--50 years who visited the National Fitness Center in Seoul, Korea, between November 2016 and December 2017. Participants completed tests concerning body composition, exercise stress, arterial stiffness, heart rate variability. They were also administered surveys on occupational stress and sleep quality. After explaining the contents of the questionnaire they were asked to fill out from themselves. This study was conducted with verbal consent. This study was approved by the Institutional Review Board of Sungshin Women's University (no. 2018--003).

Measures {#sec004}
--------

### Body composition test {#sec005}

Participants' height and weight were measured using an automatic body measurement device (SH-9600A, Korea). Body mass index (BMI) was calculated using height and weight data: \[(weight (kg)/height (m)^2^\].

### Heart rate and blood pressure measurement {#sec006}

Participants' resting heart rate was measured using an automatic 12-lead standard electrocardiograph (Cardiocare, Korea), and their systolic and diastolic blood pressure were measured using an automatic sphygmomanometer (Cardiocare, Korea).

### Exercise stress test {#sec007}

Participants' maximum rate of oxygen consumption (VO~2~max) data were obtained using exercise stress test equipment (Quiton, USA) and an automatic gas analysis system (Jaeger, Germany). The modified Balke protocol was adopted for the test. The test was discontinued when participants met two or more of the to five following criteria: they reached the age-predicted maximum heart rate (220-age), respiratory exchange ratio ≥ 1.15, perceived exertion ≥ 17, a higher exercise load did not increase the oxygen consumption rate, and the participant voluntarily expressed his wish to stop the test.

### Occupational stress {#sec008}

Participants' occupational stress was evaluated using the Korean Occupational Stress Scale \[[@pone.0226739.ref022]\]. This scale comprises eight sub-factors: physical environment, job demand, insufficient job control, interpersonal conflict, job insecurity, organizational system, lack of reward, and occupational climate. Items are responded to using a 4-point Likert scale: "not true at all," "not true," "true," and "very true" (1, 2, 3, and 4, respectively). Higher scores indicate higher occupational stress. Cronbach's α was .85 in this study.

### Arterial stiffness {#sec009}

Participants' arterial stiffness was measured using an automatic waveform analyzer (automatic waveform analyzer; VP-1000, Komaki, Japan), through which brachial-ankle PWV readings were obtained. Participants took a minimum five-minute rest before the test. The arterial PWV (m/s) was defined as the distance of two points (m) divided by the pulse wave transit time (s).

### Heart rate variability {#sec010}

Participants' mean heart rate, standard deviation of all the normal R-R intervals (SDNN), and root mean square of successive differences between the normal heart beats (RMSSD) were measured using SA-2002E (Medicore Co. Ltd., Korea). Participants took a minimum five-minute rest before the test. The frequency domain was analyzed to obtain the low-frequency power (LF), high-frequency power (HF), and LF/HF ratio. The frequency domain parameters were computed through logarithmic transformation.

### Sleep quality {#sec011}

Sohn et al.'s \[[@pone.0226739.ref023]\] Korean version of Buysse et al.'s \[[@pone.0226739.ref024]\] Pittsburgh Sleep Quality Index (PSQI-K) was used to assess participants' sleep quality. The PSQI-K contains seven sub-factors: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. Items are responded to using a 4-point Likert scale (0--3: "not true at all," "not true," "true," and "very true" (0, 1, 2, and 3, respectively); therefore, total scores range from 0 to 21, with higher scores indicating lower sleep quality. Scores of 5 or less signify that participants are sleeping well. When developing the sleep quality questionnaire, the Cronbach's α indicating internal consistency was. 83. The Cronbach's α of this study was .89.

Statistical analyses {#sec012}
--------------------

SPSS 18.0 (Windows) was used for statistical analyses. Participants were divided into low-stress, medium-stress, and high-stress groups regarding their occupational stress scores. A one-way analysis of variance and a post-hoc test were performed to examine variations in participants' cardiorespiratory fitness, arterial stiffness, HRR, and sleep quality according to occupational stress levels. A correlation analysis was conducted to examine the Pearson correlation correlations between occupational stress with cardiorespiratory fitness, arterial stiffness, HRR, and sleep quality, with participants' age, exercise, smoking, and drinking statuses set as covariates. The significance level (α) was set at p \< .05.

Results {#sec013}
=======

Participants' physical characteristics according to occupational stress levels {#sec014}
------------------------------------------------------------------------------

The low-stress, medium-stress, and high-stress groups demonstrated no difference in age, height, weight, BMI, resting heart rate, or systolic/diastolic blood pressure. There was also no variation in participants' years of work, working hours, exercise, smoking, and drinking status according to occupational stress levels ([Table 1](#pone.0226739.t001){ref-type="table"}).

10.1371/journal.pone.0226739.t001

###### Physical characteristics according to occupational stress levels.

![](pone.0226739.t001){#pone.0226739.t001g}

                                       Low (n = 233)   Med (n = 237)    High (n = 235)   P-value
  ------------------------------------ --------------- ---------------- ---------------- ---------
  Age (years)                          55.73 ± 4.31    55.95 ± 3.72     56.22 ± 3.0      .364
  Height (cms)                         171.18 ± 4.47   170.43 ± 4.74    171.01 ± 4.56    .179
  Weight (kgs)                         73.52 ± 8.24    73.01 ± 9.42     73.96 ± 8.45     .495
  Body mass index (kg/m^2^)            25.08 ± 2.43    25.15 ± 2.70     25.28 ± 2.49     .680
  Resting heart rate (beats per min)   69.98 ± 11.47   68.55 ± 10.68    70.53 ± 10.82    .284
  Systolic blood pressure (mmHg)       119.36 ± 15.0   118.37 ± 15.76   120.57 ± 16.2    .479
  Diastolic blood pressure (mmHg)      90.97 ± 13.77   90.04 ± 13.12    92.33 ± 14.08    .344
  Working period (years)               26.04 ± 6.23    25.83 ± 6.23     26.22 ± 5.05     .774
  Working hours (per week)             48.45 ± 10.6    50.59 ± 12.80    49.43 ± 13.01    .194
  Exercise status (%)                  211 (90.6)      210 (88.6)       206 (87.7)       .596
  Smoking status (%)                   60 (25.8)       57 (24.1)        54 (31.6)        .780
  Drinking status (%)                  220 (94.4)      210 (88.6)       216 (91.6)       .074
  **Occupational stress index**                                                          
  Job demand (score)                   31.29 ± 14.67   42.33 ± 11.0     47.94 ± 13.47    
  Insufficient job control (score)     46.39 ± 14.45   50.70 ± 11.25    57.23 ± 15.09    
  Interpersonal conflict (score)       28.56 ± 11.6    35.26 ± 7.01     44.54 ± 15.03    
  Job insecurity (score)               17.17 ± 16.41   34.11 ± 11.61    40.21 ± 15.6     
  Organizational system (score)        29.11 ± 12.16   36.81 ± 7.19     51.13 ± 16.07    
  Lack of reward (score)               29.71 ± 12.06   37.18 ± 7.22     52.01 ± 16.8     
  Organizational climate (score)       22.42 ± 13.66   36.78 ± 7.35     47.87 ± 15.51    
  Total (score)                        28.39 ± 7.45    38.74 ± 1.95     48.60 ± 5.18     

Data shown as Mean±SD

Exercise status: ≥ 30 mins/day for ≥ 3 days/week; smoking status: ≥ 1 cigarettes daily; drinking status: ≥ once/month.

Comparison of cardiorespiratory fitness, arterial stiffness, heart rate variability, and sleep quality according to occupational stress levels {#sec015}
----------------------------------------------------------------------------------------------------------------------------------------------

VO~2~max was significantly higher in the low-stress group than in the medium- or high-stress groups ([Table 2](#pone.0226739.t002){ref-type="table"}). There was no significant difference in the right, left, and mean arterial stiffness according to occupational stress. Of the HRR parameters, no significant difference in MRR, SDNN, RMSSD, LF, HF, or LF/HF ratio according to occupational stress. Regarding sleep quality, there was a significant difference in sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, daytime dysfunction, and total sleep quality scores according to occupational stress levels.

10.1371/journal.pone.0226739.t002

###### Comparison of cardiovascular fitness, pulse wave velocity, heart rate variability, and sleep quality according to occupational stress levels.

![](pone.0226739.t002){#pone.0226739.t002g}

                                       Low^a^ (n = 233)   Med^b^ (n = 237)   High^c^ (n = 235)   P-value   Post-hoc
  ------------------------------------ ------------------ ------------------ ------------------- --------- -------------
  **VO**~**2**~**max** (ml/kg/min)     38.99 ± 6.36       37.18 ± 6.92       37.13 ± 7.18        .004      a \> bc
  **PWV**                                                                                                  
  Left PWV (cm/sec)                    1401.22 ± 261.08   1393.76 ± 228.49   1441.09 ± 252.76    .084      ns
  Right PWV (cm/sec)                   1407.32 ± 259.74   1412.47 ± 239.81   1454.20 ± 261.76    .091      ns
  Mean PWV (cm/sec)                    1404.27 ± 257.74   1403.12 ± 231.30   1447.64 ± 254.64    .086      ns
  **Heart rate variability**                                                                               
  Mean heart rate (beat per min)       70.50 ± 9.87       71.09 ± 11.12      71.15 ± 10.95       .766      ns
  SDNN (ms)                            56.39 ± 56.49      55.73 ± 61.93      58.68 ± 59.09       .851      ns
  RMSSD (ms)                           28.40 ± 39.22      27.75 ± 41.05      30.94 ± 47.36       .693      ns
  Log LF                               5.82 ± 1.62        5.73 ± 1.69        5.88 ± 1.63         .622      ns
  Log HF                               5.47 ± 1.63        5.36 ± 1.72        5.54 ± 1.77         .517      ns
  LF/HF ratio                          2.02 ± 2.42        1.96 ± 2.00        1.99 ± 2.32         .959      ns
  **Sleep quality**                                                                                        
  Subjective sleep quality (score)     1.93 ± 0.72        2.11 ± 0.59        2.31 ± 0.72         \< .001   a \< b \< c
  Sleep latency (score)                1.47 ± 0.67        1.52 ± 0.69        1.76 ± 0.74         \< .001   ab \< c
  Sleep duration (score)               0.81 ± 0.93        0.96 ± 0.91        1.08 ± 0.94         .008      ab \< c
  Habitual sleep efficiency (score)    0.35 ± 0.80        0.49 ± 0.86        0.55 ± 1.00         .038      ab \< c
  Sleep disturbances (score)           1.88 ± 0.47        2.02 ± 0.41        2.14 ± 0.57         \< .001   a \< b \< c
  Use of sleeping medication (score)   1.07 ± 0.39        1.03 ± 0.16        1.18 ± 0.53         \< .001   ab \< c
  Day time dysfunction (score)         1.14 ± 0.40        1.26 ± 0.49        1.51 ± 0.69         \< .001   a \< b \< c
  Total (score)                        8.28 ± 3.15        9.22 ± 2.91        10.23 ± 3.65        \< .001   a \< b \< c

Data shown as Mean±SD

SDNN: standard deviation of all the normal R-R intervals; RMSSD: root mean square of successive differences between the normal heart beats; Log LF: log transformation of the low frequency component; Log HF: log transformation of the high frequency component; PWV: pulse wave velocity.

Correlations of occupational stress with cardiorespiratory fitness, arterial stiffness, heart rate variability, and sleep quality {#sec016}
---------------------------------------------------------------------------------------------------------------------------------

[Table 3](#pone.0226739.t003){ref-type="table"} illustrates the negative correlation between occupational stress and cardiorespiratory fitness, the positive correlation between occupational stress and arterial stiffness, no correlation between occupational stress and the parameters of HRR, and a positive correlation between occupational stress and sleep quality.

10.1371/journal.pone.0226739.t003

###### Correlation coefficients between occupational stress, cardiovascular fitness, pulse wave velocity, heart rate variability, and sleep quality.

![](pone.0226739.t003){#pone.0226739.t003g}

                               VO~2~max                                     Mean PWV                                    Heart rate variability   Sleep quality                               
  --------------------- ------ -------------------------------------------- ------------------------------------------- ------------------------ --------------- ------ ------ ------ ------ ---------------------------------------------
  Occupational Stress   r      -.082[\*](#t003fn002){ref-type="table-fn"}   .085[\*](#t003fn002){ref-type="table-fn"}   -.001                    .027            .036   .011   .008   .009   .276[\*\*](#t003fn003){ref-type="table-fn"}
  p                     .030   .024                                         .985                                        .466                     .338            .766   .836   .806   .001   

PWV: pulse wave velocity; Mean HRT: mean heart rate; SDNN: standard deviation of all the normal R-R intervals; RMSSD: root mean square of successive differences between the normal heart beats; Log LF: log transformation of the low frequency component: Log HF: log transformation of the high frequency component.

\*p \< .05

\*\*p \< .01.

Adjusted variables: age, exercise, smoking, and alcohol status.

Discussion {#sec017}
==========

This study investigated the correlations between firefighters' occupational stress and their cardiorespiratory fitness, arterial stiffness, heart rate variability, and sleep quality. We also observed a significant negative correlation between occupational stress and cardiorespiratory fitness, arterial stiffness, and sleep quality, but not with HRR.

Firefighters perform various duties including fire prevention, fire suppression, rescue, and medical assistance. These tasks, although essential, entail frequent exposure to traumatic events and a high degree of stress while on duty. Previous studies have confirmed that occupational stress is associated with the onset of cardiovascular diseases \[[@pone.0226739.ref025], [@pone.0226739.ref026]\]. In addition, low cardiorespiratory fitness increases the risk of cardiovascular diseases \[[@pone.0226739.ref027], [@pone.0226739.ref028]\]. Our analysis revealed variations in firefighters' cardiorespiratory fitness levels according to occupational stress, suggesting an association between occupational stress and cardiorespiratory fitness. Consistent with our findings, Yoon et al. \[[@pone.0226739.ref029]\] reported a significant correlation (r = --0.25) between occupational stress scores and VO~2~max in 30--50 year old office worker. Exercise reduces stress and is useful in enhancing cardiorespiratory fitness \[[@pone.0226739.ref030], [@pone.0226739.ref031]\]. Previous studies reported that higher levels of stress on the job translated into less exercise \[[@pone.0226739.ref032], [@pone.0226739.ref033]\]. However, firefighters who participated in the study regularly participated in the exercise. As a result, it seems to affect cardiorespiratory fitness and psychological stress reduction.

Occupational stress is associated with cardiovascular diseases by accelerating atherosclerosis. PWV offers a useful insight into arterial stiffness \[[@pone.0226739.ref009]\]. Atherosclerosis stiffens arterial walls and reduces vascular compliance as the condition progresses, leading to a higher PWV. We observed no variation in arterial stiffness measured through the PWV according to firefighters' occupational stress levels; however, occupational stress and arterial stiffness were correlated. Jeon et al. \[[@pone.0226739.ref034]\] reported that firefighters with high occupational stress levels were at an elevated risk of showing a high PWV (1.4 m/s or above) compared to their low-stress counterparts. Kong et al. \[[@pone.0226739.ref035]\] also discovered a correlation between occupational stress and the PWV in manufacturing-sector workers in their 40s and older. Several previous studies reported that a PWV of 1.4 m/s or more leads to higher atherosclerosis risks. Consistent with these findings, we found that firefighters' PWV was 1.4 m/s or above, ascribed to the impact of their occupational stress on atherosclerosis. However, arterial stiffness mostly involves other varied factors including obesity, hypertension, diabetes, and dyslipidemia. Future studies on the correlation between occupational stress and arterial stiffness should consider these factors \[[@pone.0226739.ref036]\].

Another mechanism behind occupational stress-induced cardiovascular diseases involves autonomic imbalance. HRR is a quantified representation of autonomic nervous activities. A low HRR implies sympathetic overreaction or parasympathetic underactivity. Of the frequency domains under HRR, LF indicates sympathetic and parasympathetic activities and HF represents parasympathetic activities. Numerous studies reported that patients with high mental stress or post-traumatic impairments demonstrate a high LF and a low HF \[[@pone.0226739.ref037], [@pone.0226739.ref038]\]. Our analysis found no significant in LF, HF, or the LF/HF ratio according to occupational stress in firefighters. We also observed no correlation between occupational stress and HRR. However, contrary to our findings, Vrijkotte et al. \[[@pone.0226739.ref012]\] reported lower levels of HRR parameters that represent parasympathetic activities in a high-stress group of office workers. Many other previous studies also identified a significant correlation between occupational stress and HRR \[[@pone.0226739.ref013], [@pone.0226739.ref014], [@pone.0226739.ref015]\]. Contrary to previous studies, the recent work intensity of firefighters may affect the HRR test results. We think that future research is needed.

The biological mechanism behind stress-induced sleep disorders involves the activation of the HPA axis and autonomic nervous system that, in both cases, causes arousal \[[@pone.0226739.ref039], [@pone.0226739.ref040]\]. Poor sleep quality exacerbates autonomic imbalance and increases cardiovascular disease risks \[[@pone.0226739.ref041]\], along with other adverse effects such as cognitive impairments (reduced memory and concentration) and diminished work performance induced by daytime sleepiness \[[@pone.0226739.ref042]\]. Furthermore, stress is reported to be a common cause of insomnia \[[@pone.0226739.ref043]\]. Our findings demonstrated variations in firefighters' sleep quality according to occupational stress levels and a significant correlation between occupational stress and sleep quality. Many other previous studies reported a lower sleep quality in shift workers, such as firefighters, who experience a higher level of job-related stress \[[@pone.0226739.ref016], [@pone.0226739.ref018], [@pone.0226739.ref044]\]. Both occupational stress and sleep disorders can compromise work efficiency. This warrants programs aimed at improving sleep disorders induced by occupational stress in firefighters.

This study had some limitations. First, we used convenience sampling to recruit participants, which makes it difficult to generalize our findings. We also cannot confirm causal relationships due to the cross-sectional study design. In addition, although we used valid self-reporting questionnaires to measure participants' occupational stress and sleep quality, over- and underreporting is possible given the inherent limits to subjective surveys. Despite these limitations, we believe that our findings provide basic data for endeavors toward reducing job-related stress and stress-induced cardiovascular disease risks in firefighters.

Conclusion {#sec018}
==========

We evaluated the correlation between occupational stress and four indicators of cardiorespiratory fitness, arterial stiffness, HRR, and sleep quality in a group of firefighters within one community. We observed a correlation between firefighters' occupational stress and their cardiorespiratory fitness, arterial stiffness, and sleep quality. These findings suggest that occupational stress is a key factor behind the elevated risk of cardiovascular diseases in firefighters.
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